A facile one-pot synthesis of functionalized (E)-β -arylvinyl bromides bearing various 4-alkoxycarbonyl and 4-aryloxycarbonyl groups was achieved by debrominative decarboxylation of anti-2,3-dibromo-3-(4-carboxyphenyl)propanoic acid in the presence of AgOAc and subsequent esterification in the presence of dicyclohexyl carbodiimide and dimethylaminopyridine. This method gives (E)-β -arylvinyl bromides in high stereoselectivities and high yields, and tolerates aldehyde, ester, and nitro functional groups.
Introduction
(E)-β -Arylvinyl bromides are important building blocks in organic synthesis, especially as intermediates for carbon-carbon and carbon-hetero atom bond formation by transition metal-catalyzed coupling reactions [1] . The coupling products from functionalized (E)-β -arylvinyl bromides have found numerous applications in the preparation of pharmaceuticals, liquid crystal and natural products [2] . Although there is a necessity to incorporate functional groups in (E)-β -arylvinyl bromides in order to find novel functionalized compounds, synthetic methods available are limited in scope. Traditional methods for preparation of (E)-β -arylvinyl bromides can be classified into three major categories. The first method is the Hunsdiecker-type bromodecarboxylation [3] and the decarboxylation of cinnamic acid dibromides [2b] . The second method is the conversion of 1,1-dibromoalkenes to the corresponding (E)-β -arylvinyl bromides by a reduction using diethyl phosphonate [4] , an organolithium reagent [5] , a Grignard reagent [6] , or lithium aluminum hydride [7] . The third method involves the reaction of CHBr 3 with aryl aldehyde mediated by CrCl 2 leading to the formation of (E)-β -arylvinyl bromides [8] . Generally, the above methods are not tolerant to reactive groups such as the aldehyde group. Hence it is extremely difficult to apply these methods in the prepara-0932-0776 / 08 / 0700-0865 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tion of (E)-β -arylvinyl bromides bearing various functional groups.
On the other hand, to find more convenient and efficient methods for the synthesis of functionalized (E)-β -arylvinyl bromides is our ongoing program. One of us previously reported the stereoselective synthesis of (E)-β -arylvinyl bromides by microwave irradiation of the corresponding anti-3-aryl-2,3-dibromopropanoic acids in AcOH in the presence of AgOAc [9] . Herein, we report a one-pot synthesis of novel functionalized (E)-β -arylvinyl bromides (4) having various 4-alkoxycarbonyl and 4-aryloxycarbonyl groups including aldehyde, ester or nitro moieties from anti-2,3-dibromo-3-(4-carboxyphenyl)propanoic acid (1) (Scheme 1). To the best of our knowledge, the one-pot synthesis of functionalized (E)-β -arylvinyl bromides from anti-2,3-dibromo-3-(4-carboxyphenyl) propanoic acid has not been reported.
Results and Discussion
The starting dibromide 1 was easily prepared in two steps by Knoevenagel condensation of 4-formylbenzoic acid with malonic acid followed by bromination of the (E)-4-(2-carboxyvinyl)benzoic acid. The first step of the following one-pot reaction was carried out under conventional thermal conditions and gave (E)-4-(2-bromovinyl)benzoic acid (2) in high yield with Fg-R = alkyl or aryl groups bearing a -CHO, -CO 2 R, -NO 2 functional group
Scheme 1. One-pot synthesis of functionalized (E)-β -arylvinyl bromides.
Scheme 2. Coupling of (E)-4-(2-bromovinyl)benzoic acid with the Wang resin.
high stereoselectivity. Compound 2 carrying a carboxyl group is a new synthon for the preparation of various derivatives that are useful intermediates in organic synthesis. In the second step, we chose DCC/ DMAP as coupling agent for the esterification of acid 2 with alcohols or phenols 3. It would be very convenient for a one-pot reaction to use the same solvent in two successive steps. As we previously reported, HOAc was the solvent in the preparation of (E)-β -arylvinyl bromides by microwave irradiation of anti-3-aryl-2,3-dibromopropanoic acids in the presence of AgOAc, but HOAc can not be applied in the esterification step. Recently, we found that the conversion of dibromide 1 to acid 2 could be carried out in benzene. When benzene was applied as solvent for the DCC/DMAP coupling esterification, it gave a high yield compared to other solvents such as DMF, CH 2 Cl 2 . Therefore, benzene was used as the common solvent for the two successive steps.
Various (E)-β -arylvinyl bromides were prepared by this one-pot method. The results are summarized in Scheme 1.
Isolated yields varied from 85 % to 94 %, and the E/Z ratio determined by 1 H NMR spectroscopy was over 98 : 2. These results indicate that the present reaction is very useful for the synthesis of both 4-alkoxycarbonyl-(4a -e) and 4-aryloxycarbonyl-(4f -l) (E)-β -arylvinyl bromides. (E)-β -Arylvinyl bromides carrying a naphthyl group (4k -l) were also easily prepared in excellent yields. Even if an electronwithdrawing group such as -CHO, -CO 2 R, -NO 2 was present in the molecule, the reaction proceeded stereoselectively in high yields.
Further, acid 2 could be attached to the benzyl alcohol of Wang resin using a DCC/DMAP coupling procedure at ambient temperature to afford ester 5 in high yield (Scheme 2). The Wang resin-bound ester 5 carrying an active bromovinyl group can be applied to combinatorial and solid phase organic synthesis, which are efficient techniques for the production of combinatorial libraries and are extensively used by the pharmaceutical and agricultural industries. Further, ester 5 is an excellent substrate for Stille, Suzuki or Heck reactions [1] .
Conclusion
In summary, we have developed a simple and efficient one-pot synthetic method for the preparation of 4-alkoxycarbonyl-and 4-aryloxy carbonyl (E)-β -arylvinyl bromides bearing various functional groups in high stereoselectivities and high yields. A wide range of functional groups including aldehyde, ester, and nitro groups were found to tolerate the DCC/DMAP esterification condition. These functionalized (E)-β -arylvinyl bromides are important synthetic targets and widely used synthons for synthetic chemists.
Experimental Section
Melting points were recorded using a Yanagimoto micro melting point apparatus and are uncorrected. 1 H and 13 C NMR spectra were recorded using a Bruker AM-300 spectrometer at 300 MHz ( 1 H) and at 75 MHz ( 13 C) in CDCl 3 with SiMe 4 as an internal standard. Mass spectra were obtained by EI, MALDI, and ESI methods, and HRMS was measured by the EI method. IR spectra were recorded on a Shimadzu IR-408 spectrophotometer. Elemental analyses were performed on a Flash EA1112 instrument. Organic solvents used were dried by standard methods when necessary. Commercially obtained reagents were used without further purification. All reactions were monitored by TLC with HuanghaiGF 254 silica gel coated plates. Flash column chromatography was carried out using 300 -400 mesh silica gel at medium pressure. (E)-4-(2-Carboxyvinyl)benzoic acid was prepared according to a literature procedure [10] .
anti-2,3-Dibromo-3-(4-carboxyphenyl)propanoic acid (1)
1 was prepared according to the previously described procedure [11] . White solid, m. 
(E)-4-(2-Bromovinyl)benzoic acid (2)
A mixture of anti-2,3-dibromo-3-(4-carboxyphenyl)propanoic acid (1, 1.0 mmol), AgOAc (1.2 mmol), and benzene (15 mL) was heated to 70 • C, stirred for 2 h, and cooled to r. t. Water and EtOAc were added to the reaction mixture, and the organic layer was separated. The aqueous layer was extracted with EtOAc. The combined organic layers were washed with water and brine and dried over anhydrous magnesium sulfate. Evaporation of the solvent gave the crude product, which was subjected to column chromatography (silica gel, hexane / EtOAc = 10 / 3, R f = 0.42) to afford (E)-4-(2-bromovinyl)benzoic acid 2 in 96 % yield. Colorless crystals, m. p. 
One-pot synthesis of functionalized (E)-β -arylvinyl bromides 4; general procedure
A mixture of anti-2,3-dibromo-3-(4-carboxyphenyl) propanoic acid (1, 1.0 mmol), AgOAc (1.2 mmol) and benzene (15 mL) was heated to 70 • C and stirred for 2 h, then cooled to r. t. ROH (3, 1.0 mmol) and DMAP (1.0 mmol) were added and the reaction mixture stirred for 10 min. DCC (1.5 mmol) was added and the reaction mixture stirred for 24 h at ambient temperature. Subsequently water (20 mL) was added to the mixture, and the product was extracted with EtOAc. The organic layer was washed with sodium bicarbonate solution and water and then dried with anhydrous sodium sulfate. After evaporation of the solvent, the crude product was purified by column chromatography on silica gel with EtOAchexane to give 4-alkoxycarbonyl-and 4-aryloxycarbonyl-(E)-β -arylvinyl bromides 4. 
Ethyl (E)-4-(2-bromovinyl)benzoate (4a)

Isopropyl (E)-4-(2-bromovinyl)benzoate (4b)
Prepared from compound 1 and propan-2-ol (3b) 
